Purpose The purpose of this research was to study whether methotrexate (MTX) as treatment for ectopic pregnancy (EP) impacts the future fertility of women undergoing assisted reproductive technology (ART) Methods In a systematic review and multi-center retrospective cohort from four academic and private fertility centers, 214 women underwent an ART cycle before and after receiving MTX as treatment for an EP. Measures of ovarian reserve and responsiveness and rates of clinical pregnancy (CP) and live birth (LB) were compared in the ART cycles prior and subsequent to MTX. Results Seven studies were identified in the systematic review, and primary data from four institutions was included in the final analysis. Women were significantly older in post-MTX cycles (35.3 vs 34.7 years). There were no differences in follicle stimulating hormone, antral follicle count, duration of stimulation, oocytes retrieved, or fertilization rate between pre-and post-MTX cycles. However, post-MTX cycles received a significantly higher total dose of gonadotropins (4206 vs 3961 IU). Overall, 42 % of women achieved a CP and 35 % achieved a LB in the post-MTX ART cycle, which is similar to national statistics. Although no factors were identified that were predictive of LB in young women, the number of oocytes retrieved in the previous ART cycle and current AFC were predictive of LB (AUC 0.76, 0.75) for the older women. Conclusions MTX does not influence ovarian reserve, response to gonadotropin stimulation, and CP or LB rate after ART. MTX remains a safe and effective treatment option for women with asymptomatic EPs.
Introduction
Ectopic pregnancy is a significant cause of maternal morbidity and mortality and accounts for 1.5-2 % of all pregnancies [1] [2] [3] . Methotrexate (MTX) therapy has emerged as a safe, effective alternative to surgical management of an asymptomatic ectopic pregnancy [4] [5] [6] . As a folic acid antagonist and inhibitor of DNA synthesis, MTX functions by targeting actively proliferating cells, and in the case of an ectopic pregnancy, impedes further growth of the fetal cells. However, the impact of MTX on other dividing cells, such as oocytes and granulosa cells, is unclear [7] .
During in vitro fertilization (IVF), gonadotropin stimulation of the ovary may amplify metabolically active follicles. Additionally, blood flow to the ovary is increased, thereby theoretically delivering increased quantity of MTX to the ovary and causing direct damage to oocytes and granulosa cells [8] . While data exists on the maintenance of tubal patency, resumption of menses, and clinical pregnancy rates, few studies have evaluated the effects of MTX on ovarian reserve and the effectiveness of future assisted reproductive technology (ART) [9] [10] [11] . There is no data available to specifically counsel women with diminished ovarian reserve, who may be at increased risk for the effects of MTX, nor is there information regarding the effects of multiple doses of MTX.
The objective of this study was to compare ovarian reserve parameters, IVF stimulation characteristics, and clinical outcomes in the IVF cycle before and after MTX administration for treatment of an ectopic pregnancy.
Materials and methods
The conduct and reporting of this systematic review closely adhered to guidelines of the preferred reporting items for systematic review (PRISMA) guidelines [12] .
Search strategy
Our clinical librarian (SF), trained in systematic reviews, created search strategies for the concepts of MTX and ovarian responsiveness using a combination of standardized terms and keywords harvested from indices, dictionaries, and on-topic articles. To exclude animals, the Human filter for PubMed recommended in Cochrane Handbook for Systematic Reviews of Interventions was used as a model to create filters for the other databases searched [13] . The search strategies were launched in PubMed 1946-, Embase 1947-, Scopus 1823-, Cochrane Central Register of Controlled Trials (CENTRAL), and ClinicalTrials.gov. Searches were limited to English using database supplied limits. Searches were completed in August 2013. The full strategies for PubMed and Embase are available in the Appendix. All results were exported to EndNote. The automatic duplicate finder was applied, and duplicates were assumed to be accurately identified and removed. The reference list was reviewed and relevant articles were evaluated. Reference lists in the included articles were manually screened for additional, potential publications.
Study selection criteria
Studies that compared ovarian reserve parameters and IVF stimulation characteristics before and after the IVF cycle that resulted in pregnancy were considered. Only original research published in English was included. Study design was not limited.
Study selection and data collection
The results of the systematic search were thoroughly reviewed independently by two authors (CEB and ESJ). Corresponding authors were then contacted and primary data requested. Deidentified patient-level data was collected from compliant authors.
Primary data from Washington University's IVF program was also analyzed for inclusion. All subjects whose IVF cycle resulted in an ectopic pregnancy were treated with MTX and then underwent a subsequent IVF cycle between January 2001 and August 2013 which were included in the analysis. Details of the IVF cycles that resulted in ectopic pregnancy were extracted from the institution's SART database. Patient characteristics including age, BMI, and race were recorded. Ovarian reserve parameters, specifically antral follicle count (AFC), follicle-stimulating hormone (FSH), and antiMüllerian hormone (AMH), were collected. IVF characteristics, such as IVF indication, stimulation protocol, total dose of gonadotropins, duration of stimulation in days, peak estradiol level, number of oocytes retrieved, fertilization rate, number of embryos transferred, number of embryos cryopreserved, and pregnancy outcomes, were also abstracted. Number of doses of MTX, the need for surgical management of the ectopic pregnancy, and time between MTX and the subsequent IVF cycle were also described. The primary outcome was number of oocytes retrieved.
Ethical approval
Authors from each institution obtained ethical approval from their Institutional Review Board. In addition, IRB approval was obtained from Washington University prior to the chart review and data extraction.
Statistical methods
The primary data from contributing authors, including Washington University, were pooled and analyzed as a retrospective cohort study. SPSS (Version 22.0, IBM Corp. in Armonk, NY) was utilized for statistical analysis. Standard bivariate statistics were applied for the entire cohort and for women stratified by age (<35 years, 38, and older) to identify relevant predictors. Parametric and non-parametric testing was used as appropriate (paired t test, Wilcoxon signed rank test, Mann-Whitney U test, and chi square analysis). Receiver operator characteristic (ROC) curves were used to determine the strength of identified predictors (reported as area under the curve (AUC)). A post hoc power analysis was performed using G*Power (Version 3.1.9.2; 2009) to detect a two-tailed difference with 80 % power and 5 % alpha.
Results

Systematic review
As shown in Fig. 1 , the systematic review produced 716 studies. One additional study was included during review of the literature as it was published after the initial systematic search. Seven hundred seven articles were excluded because they did contain primary data comparing IVF cycles before and after receiving MTX for an ectopic pregnancy. The remaining ten articles were then closely reviewed. Two studies by the same author were published as abstracts only and were therefore excluded [14] . One additional study was excluded because none of the patients were undergoing ART [15] . Seven studies met all the inclusion criteria [16] [17] [18] [19] [20] [21] [22] . As shown in Table 1 , five of the studies were retrospective cohort analyses and two were prospective observational studies [19, 20] . All of the studies used a paired analysis of IVF cycles before and after MTX, but two studies also compared to a control group of patients who underwent salpingectomy [17, 22] . The majority of these studies are limited by their retrospective nature and sample size. Only two studies included more than 50 subjects [16, 17] .
Multi-center retrospective cohort
Corresponding authors of these seven studies were contacted and primary data requested. Three corresponding authors responded, and their patient-level data was utilized [16] [17] [18] . Complete data was available for 214 subjects (Hill, n = 117; McLaren, n = 23; Boots, n = 66, Washington University, n = 8). Four authors did not provide patient-level data; therefore, the 75 subjects among these four studies were not included in retrospective cohort analysis (Oriol n = 14, Orvieto n = 14, Provansal n = 11, Wiser n = 36). Of the four centers that provided primary data (including our own), three used the single-dose MTX protocol; one center did not comment on protocol type. As shown in Table 1 , the individual studies have similar mean ages, time between cycles (or time since MTX), and number of oocytes retrieved post-MTX suggesting their little heterogeneity among them. Table 2 describes the baseline characteristics of the pooled cohort. The mean age of subjects at the start of the pre-MTX IVF cycle was 34.7 ± 4.7 years. Women were slightly, but significantly, older in post-MTX cycles than in pre-MTX cycles, 35.3 ± 4.1 years. When comparing markers of ovarian reserve, there were no differences in FSH or AFC. AMH was not measured in any of the included studies.
Among the 214 women, 119 (55.6 %) women received a single dose of MTX, while 79 (36.9 %) received two doses, and only 16 (7.5 %) women received three doses of MTX. The median time between the first day of stimulation in the preand post-MTX IVF cycles was 161 days, ranging from 81 to 737 days.
In Table 3 , the cohort is stratified by features considered to be at high risk for the theoretical effects of MTX on ovarian reserve including the following: advanced age, low AFC, few oocytes retrieved during the initial IVF cycle, multiple doses of MTX, and a short interval between MTX and the subsequent IVF cycle. The pre-and post-MTX IVF cycles of women 38 years of age and older were compared to the cycles of younger women. Both older and younger women received a statistically increased total dose of gonadotropins in the post-MTX cycle. Similarly, when comparing the cycles of women who received two or more doses of MTX to those who received only one dose, a statistically higher total dose of gonadotropins was administered in all the post-MTX cycles as compared to pre-MTX cycles. There were no differences in duration of stimulation, peak estradiol levels, number of oocytes retrieved, fertilization rate, or number of embryos transferred in any of the high-risk categories. Almost every category had more embryos to cryopreserve in the cycle after MTX.
Information regarding clinical outcomes was available for 214 women (Table 2) . Nineteen women did not undergo embryo transfer. At least four women delayed transfer due to planned comprehensive chromosome screening with embryo vitrification. Three women had failed fertilization, one elected to freeze embryos and transfer at a later date for personal reasons, and one transfer was cancelled for ovarian hyperstimulation syndrome. Reasoning for the decision not to proceed with transfer was not available in the remaining ten subjects. Of note, four of these women had at least one embryo cryopreserved.
Forty-two percent (82/195) of women who had at least one embryo transferred achieved a clinical pregnancy (CP) in the post-MTX ART cycle. This is similar to national data published by the Society of Assisted Reproductive Technology demonstrating a pregnancy rate per transfer of 53 % in women less than 35 years of age and 37 % in women 38-40 years [23] . Six (3.1 %) women had another ectopic pregnancy. Live birth (LB) data was available for 138 women. Of these women, 34.8 % achieved a live birth. The probability of LB in women younger than 35 years of age (42.6 %) was again comparable to SART reports (46 %). No factors were identified that were predictive of CP or LB for these women. The probability of LB was lower in women 38 years of age and older (29.3 %), but not different from age-matched national reports (27.3 %). To assess cycle characteristics' predictive value of LB in women 38 years of age and older, an ROC analysis was performed. As illustrated in Fig. 2 , numbers of oocytes retrieved and AFC served as reasonable predictors of live birth. For example, 10 oocytes retrieved in the previous ART cycle predicted LB with 83 % sensitivity and 55 % specificity whereas 13 oocytes predicted live birth with 67 % sensitivity and 86 % sensitivity (AUC 0.76). Current AFC of 11 predicted LB in these older women with 80 % sensitivity and 52 % specificity, and AFC of 13 predicted LB with 60 % sensitivity and 81 % specificity (AUC 0.75). When comparing ovarian reserve and response characteristics in women who did and did not achieve a LB in the post-MTX, there were few differences noted (Table 4) . Women with a successful LB were younger, required a lower total dose of gonadotropins, and had significantly more oocytes retrieved in the cycle that resulted in LB. There were no other differences between the two cohorts, including no difference in the number of doses of MTX received or in the time interval between cycles.
Discussion
Ectopic pregnancy is an undesired yet common outcome after ART therapy. Treatment options include expectant management, surgical intervention, and medical management with MTX [24] . Limited published evidence exists on the impact of MTX on future ART success to help guide in their decision making. In this large multi-center study, MTX appears to remain a safe and effective treatment option for women with asymptomatic ectopic pregnancies. MTX does not influence ovarian reserve, response to gonadotropin stimulation, CP, or live birth rate after IVF. With a median time of less than 6 months between cycles, there were no differences in AFC, FSH, duration of stimulation, maximum estradiol levels, fertilization rate, or number of embryos transferred. With adequate power, there was also no difference in the primary outcome of the number of oocytes retrieved. This conclusion was illustrated in the analysis of all the data as well as in stratified analyses.
The only consistently different parameter was an increased dose of total gonadotropins in the post-MTX cycle. Analysis of all the data as well as analysis of the stratified data demonstrated this finding. It is important to note that similar to women with high-risk features, women considered low risk for the effects of MTX (<38 years old, AFC ≥ 10, >5 oocytes retrieved, only one MTX dose, and ≥180 days between cycles) also received higher doses of medication in the second cycle. Women may be requiring higher doses due to the impact of MTX on their ovarian reserve, but without a non-paired control group, we cannot eliminate an effect of MTX. However, the most likely explanation for the subtle increase in dosage is a combination of the passage of time and physicians' natural tendency to increase dosage in subsequent cycles.
Women were significantly older in the post-MTX cycle, though the mean age at the post-MTX cycle was relatively young (35.3 years) with a mean difference of only 0.6 years. Bold and * indicate significant findings Mean ± SD *P < 0.05
Whether this significant increase in age is due to time patients are counseled to wait after MTX before proceeding with another cycle [25, 26] or it is influenced by other factors such as cost is unknown. After review of the first cycle, physicians may increase the dose and/or choose a more aggressive protocol with the aim of retrieving more oocytes and a better outcome. Prior to MTX, 43 % of the cycles utilized a luteal phase agonist protocol and 34 % utilized an antagonist protocol. In the subsequent cycles, 26 % were luteal phase agonists and 47 % antagonists.
Conclusions from this analysis are in agreement with a recently published meta-analysis [27] . However, the strength of this study lies in the utilization of primary rather than secondary data. Primary data allows for more detailed and stratified analyses of potentially high-risk women. Additionally, the sample size is powered to detect a clinically significant difference in number of oocytes, which is the best representation of ovarian reserve and is a predictor of pregnancy and live birth in older women. Finally, the nature of a multi-center collection of data improves generalizability.
Limitations of this analysis include its retrospective study design. In the systematic review of all studies evaluating the effects of MTX on subsequent ovarian reserve, only one of seven studies was prospectively analyzed [19] . It is possible that a significant number of women who receive MTX do not seek or complete an additional ART cycle and are therefore not included in these retrospective analyses. An additional limitation of this systematic review and pooled cohort lies in the possibility of a publication bias. Although publication bias is more typically noted with positive rather than negative results, only one of all the published studies noticed a difference in the ART cycle following MTX. This difference was only noted in the number of oocytes if the subsequent cycle occurred within 180 days of MTX administration .
Although the sample size and power are adequate to detect the primary outcome of oocytes retrieved in the overall cohort, the possibility of a type 2 error among the stratification data cannot be excluded. A final limitation is the relatively short follow-up after MTX administration. The longest time between MTX and the subsequent IVF cycle was approximately 2 years with a median interval of 161 days. Long-term followup on the effect of ovarian function many years after receiving MTX is still unknown.
Conclusions
The main finding of this study is the absence of a negative effect of MTX on subsequent IVF outcomes. Women with a history of ART-related ectopic pregnancy have a good chance of LB in a subsequent ART cycle, and repeated doses of MTX do not impact this chance. For women 38 years of age and older, prior response to gonadotropins and current AFC may be helpful tools to predict chance of CP and LB in future ART cycles. Because this is a paired analysis of women whose initial IVF cycle resulted in an ectopic pregnancy, there is no control group to compare outcomes in the post-MTX cycle. However, the pregnancy and live birth rates after MTX were equivalent to those reported by SART in the national data summary during this time. In conclusion, the findings of this large, multi-center pooled cohort are consistent with the findings of nearly all the individual studies as well as a meta-analysis and support the continued use of MTX in the medical management of ectopic pregnancy.
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